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(g) Gate drive circuit for a MOS power transistor. 



@ An improved gate drive circuit for a MOS 
power transistor utilizes a dual .gate drive circuit 
configuration. The first gate drive circuit oper- 
ates to quickly turn on the MOS power transis- 
tor. After the MOS power transistor is turned on, 
the first gate drive circuit can be disabled. A 
second gate drive circuit is employed to provide 
continuous drive to the gate of the MOS power 
transistor to keep the MOS power transistor on. 
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The present invention relates generally to inte- 
grated circuits, and more particularly to gate drive cir- 
cuits utilized in integrated circuits for driving high-side 
N channel MOS power transistors. 

Power devices that have a high side N-channel 
MOS power transistor typically require a voltage level 
greater than the supply voltage to drive the gate of 
the N-channel MOS power transistor. One technique 
which has been used to derive the required increased 
voltage level is to employ a bootstrap capacitor. A dis- 
advantage to using a bootstrap capacitor, however, is 
that it requires a large external capacitor. Further- 
more, a circuit which utilizes a bootstrap capacitor can 
not be left on for long periods of time. As known in the 
art, the charge within the bootstrap capacitor drains 
off, and the bootstrap capacitor can not be recharged 
without turning the MOS power transistor off. 

Another technique which is used to derive the re- 
quired increase voltage level is a gate drive circuit, 
known in the art as a charge pump. A charge pump 
can be implemented either in a continuous running 
mode or as a circuit that works only on demand. Typ- 
. ically, a single charge pump is utilized in circuits which 
require charge pumps. 

One disadvantage to using a single charge pump 
is that the switching time of the MOS power transistor 
is limited by the gate rise time produced by the charge 
pump. Additionally, when designing a charge pump, a 
tradeoff occurs between the current consumption of 
the charge pump versus the rise time of the gate of 
the MOS power transistor. This is especially true in 
NMOS designs where the pullup devices are resistor 
elements. 

Therefore, it would be desirable to provide a 
charge pump circuit which reduces the gate rise time 
and the output switching time of a MOS power tran- 
sistor. It is also desirable that the current consump- 
tion of the charge pump circuit be minimized. 

An improved gate drive circuit for a MOS power 
transistor utilizes a dual gate drive circuit configura- 
tion. The first gate drive circuit operates to quickly turn 
on the MOS power transistor. After the MOS power 
transistor is turned on, the first gate drive circuit can 
be disabled. A second gate drive circuit is employed 
to provide continuous drive to the gate of the MOS 
power transistor to keep the MOS power transistoron. 
The novel features believed characteristic of the in- 
vention are set forth in the appended claims. The in- 
vention itself however, as well as a preferred mode of 
use, further objects and advantages thereof, will best 
be understood by reference to the following detailed 
description of an illustrative embodiment when read in 
conjunction with the accompanying drawings, where- 
in: 

Figure 1 is a block diagram of a preferred circuit 
for driving a MOS power transistor according to 
the present invention; 

Figure 2 is a block diagram of an alternate pre- 



ferred circuit for driving a MOS power transistor 
according to the present invention; 
Figure 3a is a timing diagram representing a tim- 
ing sequence among the signals in a prior art cir- 
5 cuit for driving a MOS power transistor; and 

Figure 3b is a timing diagram representing a tim- 
ing sequence among the signals in a preferred 
circuit for driving a MOS power transistor accord- 
ing to the present invention. 
10 Referring to Figure 1 , a block diagram is shown 
of a preferred circuit for driving a MOS power transis- 
tor according to the present invention. The circuit 
comprises a control circuit 10, a first gate drive circuit 
12, a second gate drive circuit 14, and a MOS power 
15 transistor 1 6. An oscillator or clock 1 8 generates a sig- 
nal 20. The signal 20 along with input signals CTRL 
and ENABLE on lines 22, 24, respectively, enter the 
control circuit 10. 

As can be seen, the control circuit 10 comprises 
20 two NAND gates 26, 28. Signal 20 and CTRL signal 
on line 22 are inputs to both NAND gates 26, 28. 
CTRL signal is utilized to indicate the MOS power 
transistor 16 is to be turned on. ENABLE signal on line 
24 is an input only into NAND gate 26, and is used to 
25 enable and disable the first gate drive circuit 12. EN- 
ABLE signal enables the first gate drive circuit 12 by, 
for example, changing from a low voltage state to a 
high voltage state. 

First gate drive circuit 12 is comprised of comple- 
30 mentary transistors 30, 32 which form a CMOS inver- 
ter. Thus, when the output 34 from NAND gate 26 is 
high, transistor 32 is off and transistor 30 is on, pulling 
node 36 to ground. When the output 34 is low, tran- 
sistor 32 is on and transistor 30 is off pulling node 36 
35 to the supply voltage 38. 

First gate drive 12 also contains a capacitor 40 
and two diodes 44, 46. Diodes 44, 46 are connected 
to a regulated voltage supply V,^. may be derived 
from the supply voltage 38 by a voltage regulator. 
40 When the voltage level at node 36 is pulled to ground, 
capacitor 40 is charged through diode 44. When the 
voltage at node 36 goes high, caused by the clock 18 
changing state, the voltage level at node 36 is pulled 
to the supply voltage and the charged stored In ca- 
45 pacitor 40 is transferred to the gate of MOS power 
transistor 16. This pattern repeats with each dock cy- 
cle in the signal from clock 18. 

When the voltage level at node 42 rises above a 
level equal to V re0 less the forward drop on diode 44, 
so diode 44 turns off, thereby isolating node 42 from V^. 
When the voltage level at node 42 becomes greater 
than the voltage level at node 48, diode 46 turns on 
and begins charging node 48 connected to the gate 
of MOS power transistor 16. The MOS power transis- 
55 tor 16 turns on when the voltage level on the gate be- 
comes higher than the gate threshold voltage. In the 
preferred embodiment, the voltage level at node 48 is 
driven approximately 10 volts above the supply vol- 
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tage 38 in order to ensure that the MOS power tran- 
sistor 16 is fully on. 

First gate drive circuit 12 is preferably a gate drive 
circuit that transfers a large amount of charge in each 
clock cycle and therefore provides a fast turn on of the 
MOS power transistor 16. Therefore, capacitor 40 in 
first gate drive circuit 12 is much larger than capacitor 
58 in second gate drive circuit 14. Also, in the prefer- 
red embodiment, first gate drive circuit 1 2 operates for 
only predetermined period of time. First gate drive cir- 
cuit 12 is disabled by, for example, causing ENABLE 
signal on line 24 to go from a high voltage state to a 
low voltage state. 

Still referring to Figure 1 t the second gate drive 
circuit 14 is also comprised of complementary transis- 
tors 50, 52, which form a CMOS inverter. When the 
output 54 from NAND gate 28 is high, transistor 50 is 
off and transistor 52 is on, pulling node 56 to ground. 
When the output 54 is low, transistor 50 is on and tran- 
sistor 52 is off pulling node 56 to the supply voltage 
38. 

The second gate drive circuit 14 also contains a 
capacitor 58 and two diodes 62, 64. Diodes 62, 64 are 
connected to a regulated voltage supply V rog . Second 
gate drive circuit 14 operates in the same manner as 
first gate drive circuit 12 to generate a voltage at node 
48 that is approximately 10 volts above the supply 
voltage 38. Diodes 46 and 64 serve to isolate the ca- 
pacitors 40 and 58 from node 48, and from each ot her. 

In the preferred embodiment, second gate drive 
circuit 14 provides a continuous drive to the gate of 
the MOS power transistor 16, and is used primarily to 
keep the MOS power transistor 16 turned on by over- 
coming any leakages from its gate. Thus, the transis- 
tors 50, 52, and capacitor 58 are selected in a manner 
to provide only enough energy to overcome the leak- 
age from the gate of MOS power transistor 16, and 
thereby minimize the current consumption while the 
MOS power transistor 16 is turned on. 

Finally, capacitors 67, 69 represent the intrinsic 
and stray capacitance which exists in the MOS power 
transistor 16, and block 65 represents means for 
switching the MOS power transistor 16 to ground. 
During operation of the output driver circuit, it may be- 
come desirable to turn MOS power transistor off for 
various periods of time. CRTL signal on line 22 is util- 
ized in block 65 to indicate whether MOS power tran- 
sistor should be on or off. Block 65 is comprised of 
switching means to quickly connect the gate of MOS 
power transistor 16 to ground, thereby turning MOS 
power transistor 16 off quickly. 

Thus, the signal from the clock 18 allows for the 
pumping of charge by alternately driving nodes 36 
and 56 to ground and then to the supply voltage. The 
CRTL signal is utilized to indicate whether the MOS 
power transistor should be on or off, and enables the 
gate drive circuits 12, 14 through NAND gates 26, 28. 
The ENABLE signal is utilized to enable and disable 



the first gate drive circuit 12. The first gate drive cir- 
cuit 12 is enabled when the MOS power transistor 16 
is first turned on, and disabled after a period of time 
sufficient to allow the node 48 to become charged to 

5 the desired level. 

Figure 2 is a block diagram of an alternate pre- 
ferred circuit for driving a MOS power transistor ac- 
cording to the present invention. The circuit of Figure 
2 is implemented using NMOS technology. The circuit 

10 is comprised of a control circuit 66, a first gate drive 
circuit 68, a second gate drive circuit 70, and a MOS 
power transistor 72. An oscillator or clock 74 gener- 
ates a signal 76. The signal 76 along with input sig- 
nals CTRL and ENABLE on lines 78, 80 enter the con- 

15 trol circuit 66. 

As can be seen, the control circuit 66 is com- 
prised of two AND gates 82, 84. Signal 76 and input 
signal 78 are inputs to both AND gates 82, 84. Input 
signal 78 is utilized to indicate the MOS power tran- 

20 sistor 72 is to be turned on. Input signal 80 is an input 
only to AND gate 84, and is used to enable and dis- 
able the first gate drive circuit 68. Input signal 80 en- 
ables first gate drive circuit 68 by, for example, chang- 
ing from a low voltage state to a high voltage state. 

25 The first gate drive circuit 68 is comprised of a 
transistor 86, a resistor element 88, a capacitor 90 
and two diodes 96, 98. Diodes 96, 98 are connected 
to a regulated voltage supply V^g, which can be de- 
rived from the supply voltage as described above. Re- 

30 sistor element 88 can be implemented, for example, 
by a resistor or a depletion mode N-channel device. 

First gate drive circuit 68 operates in a manner 
analogous to first gate drive circuit 12 in Figure 1. 
When the output 92 from AND gate 84 is high, tran- 

35 sistor 86 turns on and capacitor 90 is charged. When 
clock 18 changes state, the output 92 from AND gate 
84 goes low, transistor 86 turns off, and the charge 
stored in capacitor 90 is transferred to the gate of 
MOS power transistor 72. This pattern is repeated 

40 with each cycle from the clock 18. 

When the voltage level at node 94 rises above a 
level equal to Vreg less the forward drop on diode 96, 
diode 96 turns off, thereby isolating node 94 from the 
supply voltage. When the voltage level at node 94 be- 

45 comes greater than the voltage level at node 100, di- 
ode 98 turns on and begins charging node 100 con- 
nected to the gate of MOS power transistor 72. MOS 
power transistor 72 turns on when the voltage level on 
the gate becomes higher than the gate threshold vol- 

50 tage. 

In the preferred embodiment, the first gate drive 
circuit 68 transfers a large amount of charge in each 
clock cycle and therefore provides a fast turn on of 
the MOS power transistor 72. Therefore, capacitor 90 
55 in first gate drive circuit 68 is much larger than capac- 
itor 106 in second gate drive circuit 70, and resistor 
element 88 in f irstgate drive circuit 68 is much smaller 
t han resistor element 1 04. Also, first gate drive circuit 
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68 preferably operates for only a short time during 
which the MOS power transistor 72 is turned on. After 
a predetermined period of time, first gate drive circuit 
68 is disabled by, for example, causing ENABLE sig- 
nal on line 80 to go from a high voltage state to a low 
voltage state. 

Still referring to Figure 2, the second gate drive 
circuit 70 also contains a transistor 102, a resistor ele- 
ment 104, a capacitor 106 and two diodes 112, 114. 
Diodes 112, 114 are connected to a regulated voltage 
supply V r eg. Resistor element 104 can be implement- 
ed, for example, by a resistor or a depletion mode N- 
channel device. As was the case for Figure 1, second 
gate drive circuit 70 operates in the same manner as 
first gate drive circuit 68. 

In the preferred embodiment, second gate drive 
circuit 70 provides a continuous drive to the gate of 
the MOS power transistor 72 and is used primarily to 
keep the MOS power transistor 72 turned on by over- 
coming any leakages in the drive circuit Therefore, 
transistor 102, resistor element 104, and capacitor 
106, are selected in order to provide only enough en- 
ergy to overcome the leakage in the output and min- 
imize the current consumption while the MOS power 
transistor 72 is turned on. 

Finally, capacitors 117, 119 represent the intrins- 
ic and stray capacitance which exists in the MOS 
power transistor 76, and block 115 represents means 
for switching the MOS power transistor 76 to ground. 
Switching block 115 is the same as block 65 descri- 
bed in connection with Figure 1. 

Referring to Figure 3a, a timing diagram illus- 
trates a timing sequence among the signals in a prior 
art circuit for driving a MOS power transistor. As 
known in the art, the prior art circuit contains only a 
single gate drive circuit. An oscillator or clock signal 
116 is shown, along with CTRLsignal on line 118. The 
voltage level at the gate of the MOS power transistor 
is illustrated by diagram 120. As can be seen, it takes 
several dock cycles for the voltage level V G to reach 
its maximum and required level to fully turn on the 
MOS power transistor. 

Figure 3b illustrates a timing diagram represent- 
ing a timing sequence among the signals in the pre- 
ferred circuit for driving the MOS power transistor ac- 
cording to the present invention. An oscillator or clock 
signal 122 is shown, along with CTRLsignal 124. EN- 
ABLE signal is illustrated with line 126. As discussed 
above, signal 1 26 is used to enable the fast gate drive 
circuit which is used to quickly turn on the MOS power 
transistor. The fast gate drive circuit is then disabled 
as indicated by signal 126 going low. 

By utilizing one of the fast gate drive circuits in the 
preferred embodiment, the voltage level at the gate 
of the MOS power transistor reaches its maximum 
and required level faster than what is previously 
reached in the prior art. This is illustrated by signal 
128 labeled V G in Figure 3b. Because nodes 48 and 



100 always have a voltage level equal to the supply 
voltage, charging of the MOS power transistor begins 
with the supply voltage. 

The present invention utilizes a dual gate drive 

5 circuit configuration to allow for quick turn on of a 
MOS power transistor while minimizing the current re- 
quired to keep the MOS power transistor turned on. 
This is accomplished by using one gate drive circuit 
to quickly charge up the gate of the MOS power tran- 

10 sistor, and then disabling the quick gate drive circuit. 
Although the quick gate drive circuit requires a high 
current, the high current is needed for only a short 
time. The second gate drive circuit provides a contin- 
uous drive to the gate of the MOS power transistor, 

15 and is used primarily to keep the MOS power transis- 
torfullyon by overcoming any leakages from the gate. 
This gives the benefit of fast turn on for the MOS pow- 
er transistor, combined with a low current demand for 
the gate drive circuit used to maintain the gate vol- 

20 tage. 

While the invention has been particularly shown 
and described with reference to a preferred embodi- 
ment, it will be understood by those skilled in the art 
that various changes in form and detail may be made 
25 therein without departing from the spirit and scope of 
the invention. 



Claims 

30 

1 . A circuit for driving a MOS power transistor, com- 
prising: 

a first gate drive circuit for charging at a first rate 
a node connected to a gate of the MOS power 

35 transistor; 

a second gate drive circuit for charging at a sec- 
ond rate the node connected to the gate of the 
MOS power transistor, wherein said second rate 
is slower than said first rate; and 

40 a control circuit, wherein the control circuit en- 
ables the first and second gate drive circuits 
' when t he MOS power transistor is initially turned 
on, and thereafter disables the first gate drive cir- 
cuit after a period of time. 

45 

2. The circuit of Claim 1 , wherein the first gate drive 
circuit comprises: 

two transistors connected in series to form 
a CMOS inverter circuit; 
so a capacitor connected to the output of the 

CMOS inverter circuit; and 

a first and a second diode connected to 
the capacitor, with the first diode connected to 
the gate of the MOS power transistor, and the 
55 second diode connected to a regulated voltage 
supply. 

3. The circuit of Claim 2, wherein t he two transistors 
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connected in series and the capacitor are select- 
ed in order to provide a relatively large amount of 
charge to the MOS power transistor when initially 
turned on. 

4. The circuit of Claim 1, wherein the second gate 
drive circuit comprises: 

two transistors connected in series to form 
a CMOS inverter circuit; 

a capacitor connected to the output of the 
CMOS inverter circuit; and 

a first and a second diode connected to 
the capacitor, with the first diode connected to 
the gate of the MOS power transistor, and the 
second diode connected to a regulated voltage 
supply. 



a resistor element connected in series with 
the field effect transistor; 

a capacitor connected in series with the 
field effect transistor; and 

a first and a second diode connected to 
the capacitor, with the first diode connected to 
the gate of the MOS power transistor, and the 
second diode connected to a regulated voltage 
supply. 



10. The circuit of Claim 9, wherein the field effect 
transistor, the resistor element and the capacitor 
are selected in order to provide a low charge suf- 
ficient to keep the MOS power transistor turned 

s on. 

11. The circuit of Claim 9, wherein the resistor ele- 
ment comprises a depletion mode N-channel de- 
vice. 

10 

12. The circuit of Claim 1, wherein the control circuit 
comprises two NAND gates. 

13. The circuit of Claim 1, further comprising means 
15 for connecting the gate of the MOS power tran- 
sistor to ground, wherein the MOS power transis- 
tor can be turned off when desired. 

14. A method for driving a MOS power transistor, 
comprising the steps of: 

when the MOS power transistor is turned 
on, charging a node connected to a gate thereof 
at a first rate; and 

after a predetermined time period, charg- 
ing the node at a second rate, wherein said sec- 
ond rate is slower than said first rate. 

15. The method of Claim 14, wherein said step of 
charging the node connected to the gate thereof 

30 at the first rate comprises charging the node us- 
ing a first and a second gate drive circuit 

16. The method of Claim 15, wherein said step of 
charging the node at a second rate comprises 
turning off the first gate drive circuit, wherein only 
the second gate drive circuit charges the node. 



7. The circuit of Claim 6, wherein the field effect 
transistor, the resistor element and the capacitor 
are selected in order to provide a relatively large 
amount of charge to the MOS power transistor 
when initially turned on. 40 



5. The circuit of Claim 4, wherein the two transistors 
connected in series and the capacitor are select- 
ed in order to provide a low charge sufficient to 20 
keep the MOS power transistor turned on. 

6. The circuit of Claim 1 , wherein the first gate drive 
circuit comprises: 

a field effect transistor; 25 
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8. ' The circuit of Claim 6, wherein the resistor ele- 

ment comprises a depletion mode N-channel de- 
vice. 

45 

9. The circuit of Claim 1, wherein the second gate 
drive circuit comprises: 

a field effect transistor; 

a resistor element connected in series with 
t he field effect transistor; 50 

a capacitor connected in series with the 
field effect transistor; and 

a first and a second diode connected to 
the capacitor, with the first diode connected to 
the gate of the MOS power transistor, and the 55 
second diode connected to a regulated voltage 
supply. 
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